Objective: To evaluate the learning curve for transurethral resection of the prostate (TURP) among urology residents and study the impact of video game and musical instrument playing abilities on its performance.
Introduction
Benign prostatic hyperplasia (BPH) is one of the most common conditions in aging male and the most frequent cause of lower urinary tract symptoms (LUTS). Moderate or severe LUTS occurs in about one-quarter of men in their 50s and in about half of all men aged 80 years or older. [1] Surgical management is an appropriate treatment for men with LUTS secondary to bladder outlet obstruction who do not improve after medical therapy, those who do not want to undergo medical therapy yet request active intervention, and those who present complications. [2] Because of its long-term treatment efficacy, transurethral resection of the prostate (TURP) has been considered the gold standard surgical management for BPH since 80 years. [3] However, with the introduction of medical treatment and, more recently, with the development of laser procedures, TURP rates have been declining over time. [4] [5] [6] Data from the Accreditation Council for Graduate Medical Education has shown that the number of TURP procedures performed by graduating chief residents has also steadily decreased during the last decade, whereas the number of laser procedures has started to increase since 2004. [7] The rate of procedures for adverse events as a percentage of TURP procedures has also increased since 2004. These data suggest that the decrease in TURP procedures may be impacting the resident's surgical learning curve.
To date, only a few studies have analyzed the learning curve for TURP. [8] A better understanding of this process and of some individual characteristics that may influence it would improve the learning process and make it widely available to teaching centers. The aim of the present study was to evaluate the learning curve for TURP among urology residents in a high-volume tertiary referral center and study the impact of video game and musical instrument playing abilities on its performance.
Material and methods
We conducted a prospective study from July 2009 to January 2013 in the Division of Urology, University of São Paulo Medical School. Patients submitted to TURP for BPH were evaluated. Fourteen residents operated on 324 patients (mean 23 procedures per resident) during a 60-75-days rotation period in the prostate section of the urology division. All urology residents consented to be enrolled in the study and the Institutional Review Board and Human Subjects Committee approved it.
For the surgical procedures, epidural anesthesia was preferred and 1 g of cefazolin was administered intravenously. All procedures were mentored by a staff surgeon with extensive experience in TURP procedures and performed by a second-year urology resident. Conventional monopolar TURP was performed with a 24-French resectoscope (Storz, Germany) and a loop electrode for TURP (5-mm diameter, Storz). Mannitol 3.0% was used as the irrigation fluid.
We analyzed the following parameters: preoperative: age, prostate-specific antigen (PSA) levels, prostate weight on ultrasound (US), and serum sodium and hemoglobin levels; intraoperative and perioperative: weight of resected tissue, operation time, speed of resection, incidence of capsular lesions (perforation reported by the surgeon); and postoperative: serum sodium and hemoglobin levels. Sodium and hemoglobin levels were measured on the first postoperative day.
All urology residents had previous experience with rigid cystoscopy. Analysis of the learning curve was performed by comparing the 10 initial TURP procedures with the following 10 TURP procedures and the remaining surgeries for those who performed 21 surgeries or more. Moreover, gender, handedness, and prior experience in playing video games and musical instruments were recorded for each resident using survey responses.
The questionnaire related to video games asked questions regarding the length of playing time and types of games played, such as conventional gaming consoles with button-push and joystick controllers or video games that involved interaction with virtual reality situations. Considering that all urology residents had previous video game playing experience, they were categorized as follows: novice (those who had played video games at some point in the past), intermediate (those who were still playing video games but not frequently), and experienced (those who played video games frequently and reported themselves as skillful). With regard to experience in playing musical instruments, the residents were grouped as follows on the basis of self-reported responses: none (those who had never played an instrument), novice (those who had a brief contact in the past), and experienced (those who played an instrument in the past and still practiced frequently or sometimes). There was no distinction in terms of the type of musical instrument played. The groups were compared in relation to performance in monopolar TURP ( Figure 1 ).
Statistical analyses were performed using the Excel program (Microsoft Inc., Redmond, WA). Comparison of continuous variables between groups was carried out using Student's t-test (two tailed), with a p value of <0.05 considered statistically significant. Comparison of categorical variables was performed using the chi-square test, with a p value of <0.05 considered statistically significant.
Results
The mean patient age at surgery was 67.4±8.6 years (range: 45-95 years), and the mean estimated prostate volume by US was 57.5±18.4 g (range: 15-127 g). We observed a mean drop of 2.6 mmol/mL and 1.4 g/dL in sodium and hemoglobin levels, respectively. Patient demographics and surgery data are summarized in Table 1 . Distribution of the number of surgeries performed by each of the 14 residents and comparison regarding prostate size and intraoperative data are summarized in Table  2 . Thirteen urology residents were right-handed and 1 urology resident was left-handed. The group included 13 men and 1 woman.
Data from the first 10 TURP procedures for each resident were compared with the next 10 TURP procedures and the remaining surgeries for those who had performed 21 or more surgeries. Table 3 summarizes the comparison between groups. Improvements were noted in the majority of the parameters examined, including speed of resection, weight of resected tissue, percentage of resected tissue, incidence of capsular lesions, and operation time. Figure 2 shows the evolution of resection speed according to the number of surgeries performed. Moreover, the incidence of capsular lesions decreased progres-sively (21.4% in group 1 and 12.7% in group 3), although the deacrease in capsulare lesions were not statistically significant. The chi-square test for this categorical variable was performed with a p value of 0.298. The operation time and mean drop in sodium levels was not different between the groups.
A comparison between weight of resected tissue and operation time was performed. The operation time decreased progressively for each subgroup regardless of the difference in the weight of tissue resected, as showed in Table 4 . Of note, residents in group 3 (after 20 procedures) were able to resect more than 50 g of prostatic tissue in about 1 h. Despite these numbers, the decrease in operation time was not statistically significant.
In relation to musical instrument playing experience, 5 residents had never played an instrument, 4 were considered novice, and 5 were experienced. Regarding video game playing experience, 5 were categorized as novice, 5 playing abilities did not affect TURP performance. In addition, video game and musical instrument playing experience had no effect on the percentage of tissue resected, incidence of capsular lesions, and drop in sodium and hemoglobin levels. A box plot of comparison between the groups is summarized Figures 3a, b . The median resection speed according to the video game groups was 0.38 g/min (novice), 0.39 g/min (intermediate), and 0.42 g/ min (experienced). In relation to the music groups, the median resection speed was 0.42 g/min (none), 0.4 g/min (novice), and 0.31 g/min (experienced).
Discussion
In the present study, we demonstrated that speed of resection, weight of resected tissue, and percentage of resected tissue significantly improved with experience. The incidence of capsular lesions decreased by about 50%, although the results did not reach statistical significance. Regarding the individual abilities, despite the increase in the resection speed with greater video game playing experience, we did not find statistical differences between the groups. Furthermore, musical instrument playing experience does not seem to influence the TURP learning curve.
The learning curve in surgery can be defined as the number of cases needed to perform the procedure with reasonable operation time and an acceptable rate of complications, resulting in an adequate postoperative clinical outcome and a shorter hospital stay. [9] In this sense, several factors may play an important role in the learning curve, including those related to the surgeon, such as confidence and experience with other surgical procedures, as well as those related to the team members involved in the procedures. The number of cases performed by the surgeon and the volume of surgeries in a given center may undoubtedly delineate the course of surgical outcomes. Skills development is strongly correlated with the gain in experience through repetition. In this learning process, the surgeon shows a relatively permanent improvement in operative ability. Evaluation of the learning curve for monopolar TURP has been rarely addressed in the literature. Moreover, no study published till date has specifically addressed the learning curve for monopolar TURP among urology residents and the influence of video game and musical instrument playing on TURP performance.
The main goals during the learning process for TURP include recognizing the transition between the adenoma and prostate capsule as well as performing resection with reasonable speed without complications such as bleeding and capsular lesions. Furthermore, the learning curve and better results are mainly related to the number of the procedures performed and experience, although we believe that other factors may play an important role on surgeon performance.
It has been postulated that the positive benefits of playing video games include increased performance on eye-hand coordina- tion tasks and neuropsychological tests and better reaction time, spatial visualization, and mental rotation. [10, 11] Recent studies have shown that subjects with previous regular experience in playing video games tend to be more skillful at videoendoscopic surgical tasks. [12] Some studies have shown that experience in playing video games is correlated with better performance of laparoscopic skills both in simulators and in the surgical environment. [13, 14] In our study, those with extensive video game playing experience had faster resection times than those with intermediate or limited video game playing experience; however, this difference was not statistically significant. We believe that the relative small number of procedures analyzed may have precluded adequate analysis about the effect of video game playing experience on surgical performance.
Musical instrument playing experience has already been proved to influence math skills and visuospatial abilities. Boyd et al tested the laparoscopic skills of medical students according to their skills with musical instruments. The most significant effect was observed among men, where those with musical instrument playing experience showed improvement of more than 2 min in the average time for completion of tests compared with novices in music. [15] Some limitations of the present study should be pointed out. We did not evaluate which instrument a participant played or had played in the past nor did we assess proficiency in video game or musical instrument playing. We relied on self-reported video game and musical instrument playing experience. In our analysis, musical instrument playing experience had no impact on TURP performance. In addition, late postoperative complications, such as late bleeding hematuria, bladder neck contracture, urethral stricture, meatal stenosis, urinary incontinence, were not evaluated in the study.
On the other hand, some positive features of the study may be highlighted, such as the prospective design, the group homogeneity of the residents, use of the same surgical technique and equipment, and the sample size recruited. Furthermore, we can assume that these results may provide important information on surgical training in TURP. Speed of resection, weight of resected tissue, and percentage of resected tissue start to improve significantly and the incidence of capsular lesions starts to reduce significantly after performance of 10 TURP procedures. Video game and musical instrument playing experience does not seem to influence surgical performance. Studies with a larger number of residents are necessary to confirm these results and find out other personal abilities that may influence surgical performance.
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